Introduction
Reverse transcription, a reaction catalyzed by RNA-directed DNA polymerase, is an essential step in the replication of retroviruses and the sta ble inheritance of the viral genome [2] , Effective and selective inhibitors of reverse transcriptases are therefore considered potential antiviral chemotherapeutics [3] . In the course o f a screening for new fungal metabolites inhibiting avian myelo blastosis virus (AMV) reverse transcriptase podos cyphic acid (1) was isolated from the mycelium of the basidiomycete Podoscypha spec, strain 874. In the following we describe the fermentation, isola tion, structural elucidation, and biological charac terization of podoscyphic acid (1), the first com pound with a y,8-dioxoacrylate moiety from a basidiomycete. H PLC was perform ed with a W aters apparatus with diode array detection; Nucleosil 5C18 col um n (25 cm x 4 mm, 5 (im particle size); mobile phase A (H20 /C H 3CN 9:1 + 0.5% C F3C 0 2H), mobile phase B (H 20 /C H 3CN 1:9); linear gradient within 45 min from 100% A to 100% B, flow rate 1 ml min"1. GC-M S: Hewlett-Packard GC 5890 combined with a 5970 Series Mass-Selective-Detector.
Materials and Methods

AMV reverse transcriptase, poly(A)-(dT)
Podoscypha spec, strain TA 874
The producing strain was obtained from a fruit ing body collected in Hobart, Tasmania. The spe cimen shows all characteristic features of the genus [4] , the species, however, could not be identified. Voucher specimen and strain 874 are deposited in the culture collection of the Lehrbereich Biotech nologie of the University of Kaiserslautern.
Fermentation
For maintenance the fungus was grown in YM G medium composed of: Yeast extract 0.4%, malt extract 1%, glucose 0.4% , and agar 1.5% for solid media. The medium (YM PG) used for the production o f podoscyphic acid contained (g/1): maltose 20, glucose 10, yeast extract 0.8, peptone 2, K H 2P 0 4 0.5, M g S 04-7 H 20 1, FeCl3 0.01, Z n S 0 4 0.002, and CaCl2 0.055. A well grown seed culture of Podoscypha spec. (200 ml) in YM G-M edium was used to inoculate 20 1 of YMPG-M edium in a Biolafitte C 6 ferm entation apparatus. The fermenter was incubated at 22 °C with an aeration rate of 3 1 air/m in and agitation (130 rpm). The production o f podoscyphic acid was followed by estimating the inhibitory effect o f 2.5 fil of a crude mycelial extract (concentrated 100 times as com pared to the culture fluid) in the standard assay against AMV reverse transcriptase.
Isolation
After two weeks o f ferm entation, the mycelia (35 g) were separated from the culture fluid and extracted with 4 1 o f acetone. After evaporation of the organic phase 4 g of an enriched product was precipitated. Purified podoscyphic acid (3. To a stirred solution of 1 (28 mg) in EtOH (2 ml) was added 2 ml of 3% ethanolic H 2S 0 4 and the mixture was left for 24 h at 25 °C. Usual w ork up yielded an oil which was purified by chrom a tography on Sephadex LH-20 (eluent M eOH) to afford 2 as a light-yellow oil (12 
Oxidative cleavage o f l
To a solution of 1 (14.1 mg) in MeOH (0.8 ml) was added 0.1 ml of 1.8% aqueous H 20 2 and the mixture was treated dropwise at 25 °C with 0.001 m ethylenediaminetetra-acetic acid (EDTA) in 2 n N aOH (0.1 ml). The mixture was stirred for 12 h, acidified with 2 n HC1 and extracted with EtOAc ( 5 x 2 ml). The solvent was removed in vacuo and the residue dissolved in MeOH. Fumaric acid was detected by HPLC analysis (diode array detection) and co-chrom atography with an authentic sample. 
Reaction o f l with 2 ,4-dinitrophenylhydrazine
To a solution of 1 (28 mg) in dimethylformamide (D M F, 0.5 ml) was added 2,4-dinitrophenylhydrazine (0.2 mg) in D M F (2 ml) and a drop of conc. hydrochloric acid. After 12 h at room tem perature, the mixture was diluted with 2 n HC1 and the resulting red crystals were filtered off. 
,l-D iethoxy-2-tetradecynoic acid ( 10)
To a cold (-7 8 °C), stirred solution o f 3,3-diethoxy-l-propyne (0.29 ml, 2 mmol) in 6 ml of dry TH F (argon atmosphere) was slowly added n-butyllithium (1.6 molar solution in «-hexane, 1.25 ml, 2 mmol). After the solution had been stirred at -7 8 °C for 30 min, undecanal (0.41 ml, 2 mmol) was added and stirring was continued at -7 8 C for 30 min. The mixture was slowly allowed to warm up to room tem perature. Saturated am m o nium chloride solution (10 ml), ice (4 g) and E t20 (20 ml) were added and the mixture was stirred. The phases were separated and the aqueous layer was extracted with two 25 ml portions Et20 . The combined organic phases were washed (sat. aqueous NaCl), dried (M gS 04), and concentrated.
The remaining oil was dissolved in 6 ml of C H 2C12 and at 0 C slowly added to a stirred sus pension of activated M n 0 2 (5.2 g) in 10 ml of C H 2C12. After 1 h at 0 °C the stirred mixture was allowed to warm up to room tem perature within 2 h. Concentration of the filtered solution in vacuo yielded an oil which was chrom atographed on a silica gel column. 
( E)-4-Oxo-2-tetradecenoic acid (11)
To a stirred solution o f l,l-diethoxy-2-tetradecyn-4-one (0.32 g, 1.07 mmol) in 3.2 ml dioxan was added dropwise 1 ml o f 2 n HBr. The mixture was heated at 80 C for 15 h, cooled to 0 °C, and stirred with saturated aqueous N aH C O , (11 ml) and Et:0 (10 ml). The white precipitate was fil tered off and the organic phase extracted with sat urated N aH CO , (2 x 10 ml). The precipitate and the combined aqueous phases were carefully acidi fied to pH 2 with 4 n HC1 and extracted with EtOAc (4 x 20 ml). After drying (M g S 0 4) and con centration of the organic phase the resulting resi due was recrystallized from E tO A c-hexane to yield 11 in form of colourless crystals (0. 
Biological assays
Antimicrobial spectra, cytotoxicity and macromolecular synthesis in whole L 1210 cells (ATCC CCL 163) were measured as described previously [5] . The effect of podoscyphic acid on cell growth was measured according to the method of M irabelli et al. [6] with slight modifications [7] fetal calf serum and 65 (J.g/ml penicillin G and 100 |ig/ml streptomycin sulfate in a humidified atmosphere containing 5% of CO, at 37 °C.
Assay fo r A M V reverse transcriptase
The method reported by H anajim a et al. [8] and 20 U/ml MM uLV reverse transcriptase. Unless otherwise specified, the reaction mixture was incubated for 60 min at 37 °C and the radioactivity of the acid insoluble fractions determined as described above.
Nucleic acid syntheses
Nucleic acid syntheses in permeabilized L 1210 cells were performed according to Berger [9] , RNA synthesis in isolated nuclei was measured as described previously [10] , Cell-free translation system R abbit reticulocyte lysate was incubated with 40 |ag/ml ß-globin m RNA using standard pub lished m ethods [11] , Test fo r mutagenicity M utagenicity was tested according to the m eth od of Ames et al. [12] , M utants of Salmonella typhimurium strain TA 98 and TA 100 were used in the pour plate assay as described by Venitt et al. [13] .
Results and Discussion
Production and isolation o f podoscyphic acid
A typical fermentation of Podoscypha spec. 874 is shown in Fig. 1 . The production of podoscyphic acid starts six to eight days after inoculation. The highest content of the inhibitor is reached after 14 days when the glucose in the medium is com pletely used up and growth stops. A decision in favour o f structure 1 was achieved by oxidative degradation with alkaline H 20 2 [14] which yielded fumaric acid (4) and dodecanoic acid (5) . Podoscyphic acid is therefore (£)-4,5-dioxo-2-hexadecenoic acid (1).
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On reaction with 2,4-dinitrophenylhydrazine (2,4-DNPH) in D M F [15] , 1 yields the expected bishydrazone 6 and in addition a derivative 7 in which a third molecule of 2,4-DNPH has been added to the double bond. The regiochemistry of this addition could not be determined. A bright red bisquinoxalinomethene derivative 9 is formed by reaction o f 1 with an excess of 1,2-diaminobenzene. Obviously, the prim ary condensation prod uct 8 undergoes air oxidation to yield 9. The pres ence of two singlets in the 'H N M R spectrum at 8 6.97 (olefinic proton) and 13.98 (chelated NH) is in accord with structure 9. Interestingly, an (M + 16)-ion in the mass spectrum indicates that 9 is contam inated with small amounts of an oxida tion product. F or comparison of its biological activity, (£*)-4-oxo-2-tetradecenoic acid ( 11) was synthesized according to Obrecht [16] via acid-catalyzed iso merization of acetal 10. The latter com pound was prepared by addition of the lithium salt of 3,3-diethoxy-l-propyne to undecanal followed by oxida tion of the resulting carbinol with manganese dioxide.
Biological properties
The inhibitory effect of podoscyphic acid (1) on the reverse transcriptases of AMV and M M uLV is shown in Fig. 2 . MMuLV reverse transcriptase ac tivity was reduced to 50% at a concentration of 10-20 |ig/ml (/C 50), whereas the IC 50 was 100 jag/ ml for the AMV reverse transcriptase. Preincuba tion of AMV reverse transcriptase with 1 for 10 min at 37 C resulted in a slight increase of the inhibitory effect on AMV reverse transcriptase and a more pronounced effect on M MuLV reverse transcriptase (Table I) . Preincubation of the template-primer poly(A)-(dT),5 did not affect the in hibitory action of 1 on both reverse transcriptases (data not shown). A tenfold increase in the concen tration of the template-primer had no effect on the inhibition of AMV reverse transcriptase while a reduction of the inhibitory effects of 1 against M M uLV reverse transcriptase could be observed (Table II) .
The initial rate of incorporation of [14C]dTTP was measured in the absence or the presence of podoscyphic acid. The Lineweaver-Burk plots (Fig. 3, 4) indicate a non-competitive inhibition of both reverse transcriptases with respect to TTP in dicating that the binding site for 1 is different from those for substrate and template-primer. podoscyphic acid, its ethyl ester 2 and synthetic 4-oxo-2-tetradecenoic acid (11) against the reverse transcriptases of AMV and M MuLV are shown in Table III . The IC 50 values of 4-oxo-2-tetradecenoic acid (11) were comparable to those of podoscyphic acid, whereas the ester 2 was devoid of any inhibi- tory activity. We therefore assume that the free y-oxoacrylic acid unit is essential for the inhibitory activity. 1 exhibits only weak antibacterial (Ta ble IV) and cytotoxic (Table V) tory effect of 1 on DNA and RNA synthesis was further studied in permeabilized L 1210 cells and isolated nuclei. In permeabilized cells no influence on the incorporation of dTTP into DNA was de tected by concentrations of up to 100 ^g/ml. At the same concentration of 1 the incorporation o f UTP was reduced only 20% (Fig. 6) . In isolated nuclei of L 1210 cells no inhibitory activity against one of the R N A polymerases (distinguished by their sen sitivity to a-am anitin) was observed.
In the test for mutagenicity according to Ames et al. [12] and Venitt et al. [13] no induction of 10 10 + + revertants of S. typhimurium TA 98 and TA 100 could be observed with 100 fig o f 1/plate (pour plate assay with and without addition of rat liver microsomes). 450 
